The protean neurologic manifestations of varicella-zoster virus infection
■ KEY POINTS
The most common sequela of herpes zoster is postherpetic neuralgia, which can persist for months and sometimes years after the rash resolves.
VZV vasculopathy can present as transient ischemic attacks, ischemic or hemorrhagic stroke, or aneurysm.
Vasculopathy and neurologic complications of VZV are best diagnosed by detecting VZV DNA in bodily fluids or tissues or anti-VZV immunoglobulin G in the cerebrospinal fluid.
Most neurologic complications of VZV reactivation require antiviral treatment.
It is prudent to recommend the recently approved zoster vaccine for healthy adults older than 60 who are seropositive for VZV.
ARICELLA-ZOSTER VIRUS (VZV) is an exclusively human, highly neurotropic alphaherpesvirus. Primary infection causes chickenpox, after which the virus becomes latent in cranial nerve ganglia, dorsal root ganglia, and autonomic ganglia along the entire neuraxis. Decades later, VZV can reactivate to cause a number of neurologic conditions.
This article discusses the protean manifestations of VZV reactivation and their diagnosis and treatment.
■ VZV REACTIVATION HAS MANY MANIFESTATIONS
VZV reactivation can produce a number of neurologic complications:
• Herpes zoster (shingles), manifesting as pain and rash in up to three dermatomes • Postherpetic neuralgia, the most common sequela of zoster, is pain that persists for months and sometimes years after the rash resolves • Vasculopathy, manifesting as transient ischemic attacks, ischemic or hemorrhagic stroke, or aneurysm • Myelitis, which is often progressive and sometimes fatal in immunocompromised patients • Zoster sine herpete-neurologic disease without rash (formerly called dermatomal-distribution pain without rash), which can cause meningoencephalitis, vasculopathy, myelitis, cerebellar ataxia, and polyneuritis cranialis • Necrotizing retinitis (of which VZV reactivation is the most common cause), leading to visual loss.
V ■ HERPES ZOSTER: TYPICALLY IN OLDER PATIENTS
Zoster typically occurs in people older than 60 years, 1 as VZV-specific cell-mediated immunity declines with age. Other causes of immune deficiency that can lead to zoster are cancer chemotherapy, antirejection therapy in transplant recipients, and acquired immunodeficiency syndrome (AIDS). 2 In fact, zoster in an otherwise young, healthy patient may be the first manifestation of human immunodeficiency virus (HIV) infection. 3 Varicella in infancy predisposes to zoster earlier in adulthood. 4 Zoster is presumed to be caused by retrograde transport of the virus from ganglia to the skin in a host partially immune to VZV. However, VZV can be isolated from the blood of immunocompromised patients with localized and disseminated zoster, suggesting that the disease can spread through the blood stream. 5 
A painful rash
Zoster rash is a vesicular eruption on an erythematous base in one to three dermatomes (FIGURE 1), usually accompanied by severe, sharp, lancinating, radicular pain, itching, and unpleasant, abnormal sensations (dysesthesias). Patients may also have decreased sensation in the affected area, while the skin is exquisitely sensitive to touch (allodynia).
The cardinal pathologic features of zoster are inflammation and hemorrhagic necrosis with associated neuritis, localized leptomeningitis, unilateral segmental poliomyelitis, and degeneration of related motor and sensory roots. 6, 7 Demyelination has also been observed in areas with mononuclear cell infiltration and microglial proliferation. Intranuclear inclusions, viral antigen, and herpesvirus particles have been detected in acutely infected ganglia. [8] [9] [10] [11] Magnetic resonance imaging may show enhancement of ganglia and the affected nerve roots. 12 Can affect any part of the body Zoster can affect any level of the neuraxis. The most common site is the chest.
The face is the next most commonly affected area, typically in the ophthalmic distribution of the trigeminal nerve, although nearly any cranial nerve may be involved. Herpes zoster ophthalmicus involves VZV reactivation in the first division of the trigeminal (fifth cranial) nerve. It is often accompanied by zoster keratitis, which can lead to blindness if it is not treated. Patients with visual symptoms should undergo an immediate slit-lamp examination by an ophthalmologist, especially if skin lesions extend to the nose (Hutchinson sign).
Involvement of the optic nerves with subsequent optic neuritis, neuropathy, or both occurs rarely in association with herpes zoster ophthalmicus and other cutaneous zoster eruptions. 13, 14 Ophthalmoplegia (paralysis of the ocular muscles) following zoster involves cranial nerves III, VI, and less frequently IV. 13, [15] [16] [17] Involvement of the maxillary and mandibular distribution of the trigeminal nerve can produce osteonecrosis and spontaneous tooth exfoliation. [18] [19] [20] Involvement of the geniculate ganglion of cranial nerve VII causes weakness or paralysis of ipsilateral facial muscles, with rash in the external auditory canal, involving the tympanic membrane (zoster oticus), or on the ipsilateral anterior two thirds of the tongue or hard palate. Lesions in these areas are often missed.
Ramsay Hunt syndrome is characterized by peripheral facial weakness and zoster oticus. 21 Although it is traditionally defined as lower motor neuron facial palsy with zoster oticus, many patients also have tinnitus, hearing loss, nausea, vomiting, vertigo, and nystagmus, indicating involvement not only of the geniculate ganglion, but also of cranial nerve VIII within the bony facial canal. Cranial nerves V, VI, IX, and X are also involved in rare instances. 22 Compared with Bell palsy (peripheral facial paralysis without rash), Ramsay Hunt syndrome often initially involves more severe facial paralysis, and patients are less likely to recover completely. 23 Peripheral facial paralysis caused by VZV may develop without rash, as demonstrated by a fourfold rise in antibody to VZV or by VZV DNA in auricular skin, blood mononuclear cells, middle ear fluid, or saliva. 24 Patients with idiopathic facial weakness should be suspected of having this variant of zoster sine herpete.
Zoster in the cervical or lumbar nerve distribution may be followed by lower motor neuron-type weakness in the arm or leg, respectively. 25, 26 Cervical zoster may be followed by diaphragmatic weakness in rare cases. 27 Rare cases of thoracic zoster have been associated with abdominal muscle weakness, which can result in abdominal herniation. 28 
Treatment:
Analgesics, sometimes antiviral drugs Treatment decisions about zoster should take into account the patient's age and immune status.
In immunocompetent patients younger than age 50, analgesics are used to relieve pain. Antiviral drugs-famciclovir (Famvir) 500 mg orally three times daily or valacyclovir (Valtrex) 1 g orally three times daily-are not required but speed healing of the rash. At any age, zoster in the distribution of the trigeminal nerve should be treated with famciclovir 500 mg three times daily.
In immunocompetent patients age 50 and older, treatment with both analgesic and antiviral drugs is recommended and is essential in patients with ophthalmic-distribution zoster. More patients with Ramsay Hunt syndrome recover if they are treated within 7 days of onset, 29, 30 although this has not yet been proven in prospective randomized trials. We also use prednisone 60 mg orally for 3 to 5 days
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to reduce the inflammatory response, although double-blind, placebo-controlled studies to confirm additional efficacy are also lacking.
In immunocompromised patients, intravenous acyclovir (Zovirax) 5 to 10 mg/kg three times daily for 5 to 7 days is recommended.
■ POSTHERPETIC NEURALGIA CAN PERSIST FOR YEARS
More than 40% of zoster patients older than 60 years develop postherpetic neuralgia, characterized by constant severe stabbing pain or by burning dysesthetic pain that persists for months and sometimes years after the rash resolves. 31 The cause and pathogenesis of postherpetic neuralgia are unknown. One theory is that neurons in the ganglia or even in the spinal cord are altered so they are more excitable. Another theory is that the virus persists or continues to reproduce slowly in the ganglia. The theories are not mutually exclusive. Evidence for the theory of low-level ganglionitis is that many patients with postherpetic neuralgia have VZV DNA and proteins in their blood mononuclear cells, [32] [33] [34] [35] [36] and some patients respond to antiviral treatment. 37 
Management is primarily supportive
Although postherpetic neuralgia is not lifethreatening, it is difficult to manage.
VARICELLA-ZOSTER VIRUS NAGEL AND GILDEN
xman et al, 105 in a prospective, double-blind trial, vaccinated more than 38,000 healthy men and women age 60 and older (median age 69 years) with an attenuated Oka/Merck VZV vaccine or placebo. The vaccine contained 18,700 to 60,000 pock-forming units of virus (for comparison, the vaccine given to American children since 1995 contains about 1,350 pock-forming units). After 3 years, subjects in the vaccination group had a 51% lower incidence of shingles, a 66% lower incidence of postherpetic neuralgia, and a 61% lower burden of illness compared with the placebo group. The incidence of zoster in the placebo group was 11.1 per 1,000-person years, similar to the rate found in an epidemiologic survey done in the early 1990s: more than 10 cases per 1,000-person years in people older than 75 years. 106 Like the live-virus varicella vaccine used in children, the adult vaccine appears to be safe and clinically effective. In the first 42 days after vaccination, serious adverse events (including death) occurred in 1.4% of both the vaccine and placebo recipients. In a subset of more than 6,000 subjects who kept daily diaries of minor adverse effects for 42 days, injection-site erythema, pain, tenderness, swelling, or pruritus were reported in 48% of vaccine recipients vs 17% of placebo recipients, and serious adverse events were significantly more frequent in vaccine recipients (1.9%) than placebo recipients (1.3%, P = .03), although no specific adverse event emerged.
Although the Oka/Merck VZV vaccine for children on rare occasions unmasks an immunodeficiency disorder, no cases of disseminated zoster were reported that might have been attributed to zoster vaccine in a person with an undiagnosed lymphoma, leukemia, or other immunodeficiency disorder.
The incidence of side effects in elderly subjects (age ≥ 70) vs younger subjects was not examined but might be important in future analyses, because the at-risk population over age 70 is projected to increase substantially in the coming decades.
In 2006, zoster vaccine received approval from the US Food and Drug Administration (FDA) for healthy adults older than age 60 who are seropositive for VZV. Zoster vaccine increases cell-mediated immunity to VZV in this population, and the boost is likely to last for decades. Because zoster and postherpetic neuralgia are common and serious, it seems prudent to recommend zoster vaccine. The US Census Bureau projects that by the year 2050, more than 21 million Americans will be 85 years old or older. 107 Widespread vaccination would help to further evaluate risk in general as well as efficacy in the very elderly. The FDA has not approved the VZV vaccine for elderly adults who have had zoster or for immunocompromised individuals.
O

A new live-virus VZV vaccine is approved for adults
Treatment is supportive, with neuroleptic drugs and various analgesics, including opiates, to alleviate pain. No universally accepted treatment exists, but the following can be used: • Topical agents: lidocaine 5% patches (Lidoderm) with up to three patches applied at one time for up to 12 hours within a 24-hour period; trolamine salycylate (Aspercreme); aloe vera (Flexall 454). These are applied directly to the painful area.
• Gabapentin (Neurontin), starting at 300 mg by mouth daily and gradually increased to a maximum of 3,600 mg per day (divided into three doses). 38, 39 Combination treatment with morphine and gabapentin decreases pain better than either drug alone or placebo. 40 • Tricyclic antidepressants, including amitriptyline (Elavil 10-25 mg orally at bedtime with a maximum dose of 150-200 mg/day), nortriptyline (Pamelor), maprotiline (Ludiomil), and desipramine (Norpramin).
• Carbamazepine (Carbatrol, Tegretol) 600 to 1,200 mg daily.
• Pregabalin (Lyrica) 150 to 300 mg orally daily as 75-to 150-mg doses twice daily or as 50-to 100-mg doses three times daily. If only minimal relief is obtained with 300 mg daily after 2 weeks, the dose can be increased to a maximum of 600 mg per day in two or three divided doses.
• Controlled-release oxycodone (Oxycontin) 10 to 40 mg orally every 12 hours.
• Controlled-release morphine sulfate and tricyclic antidepressants. 41 • Levetiracetam (Keppra) can be given at 500 mg orally per day and titrated upward, as tolerated, by 500 mg per week to a maximum dose of 1,500 mg twice a day. 42 • Diazepam (Valium) 2 mg three times daily can be considered to supplement any of the above agents.
Antiviral therapy may help
Oral acyclovir, famciclovir, or valacyclovir reduces the duration and severity of pain after zoster. [43] [44] [45] In a recent prospective, open-label phase I/II trial, 37 15 patients with moderate to severe postherpetic neuralgia received intravenous acyclovir for 2 weeks followed by oral
valacyclovir for 1 month; 8 (53%) reported improved pain.
■ VZV VASCULOPATHY CAN CAUSE STROKE
VZV vasculopathy results from virus infection in large or small cerebral arteries. The most common presentation in elderly patients who are not otherwise immunocompromised is zoster in the distribution of the trigeminal nerve, followed days to weeks later by contralateral hemiplegia. Some patients present with some combination of headache, fever, mental status changes, transient ischemic attacks, and focal deficit (stroke). VZV vasculopathy often occurs without rash. 46, 47 The clinical spectrum of VZV vasculopathy is protean. For example, one case of VZV vasculopathy was characterized by posterior ischemic optic neuropathy with normal findings on cerebral angiography and magnetic resonance imaging. 48 Cerebral aneurysms and hemorrhage can also develop from viral invasion of vessels. 49, 50 Laboratory and imaging findings Cerebrospinal fluid analysis usually shows mononuclear pleocytosis (increased number of cells) and oligoclonal bands on electrophoresis. The oligoclonal immunoglobulin G (IgG) is antibody directed against VZV. 51 Brain imaging usually reveals ischemic or hemorrhagic infarcts or both, more deep-seated than cortical, and at gray-white matter junctions. Cerebral angiography also reveals areas of focal arterial stenosis or occlusion (FIGURE 2) .
On pathological studies, macroscopic lesions can be seen at the junction of gray and white matter. Microscopically, the virus is present in affected cerebral arteries 52 but not in areas of brain infarction, although in chronic cases virus may be seen in brain parenchyma close to arteries and veins. The primary site of VZV is in cerebral arteries that contain multi-nucleated giant cells, Cowdry A inclusion bodies, and herpes virus Without treatment, the mortality rate in VZV vasculopathy is 25% Varicella zoster virus vasculopathy FIGURE 2. Left, magnetic resonance imaging of the brain shows multiple areas of infarction in both hemispheres, primarily involving white matter and gray-white matter junctions. Right, three-dimensional time-of-flight magnetic resonance angiography of the circle of Willis shows marked narrowing of the anterior cerebral arteries with occlusion on the right (long arrow) and marked stenosis on the left (short arrow). 
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particles. Postmortem analysis has revealed not only VZV DNA but also VZV antigen in cerebral vessels. 52
Diagnosis requires VZV DNA or antibodies in cerebrospinal fluid
Confirmation of VZV vasculopathy requires the finding of VZV DNA by polymerase chain reaction (PCR) or of anti-VZV IgG in the cerebrospinal fluid. Both tests must be performed to confirm VZV vasculopathy, and only negative results for both tests can exclude the diagnosis. 53 Although PCR is the best test to diagnose herpes simplex virus (HSV) encephalitis, in many cases of VZV vasculopathy the cerebrospinal fluid does not contain PCR-amplifiable VZV DNA but does contain anti-VZV IgG. [46] [47] [48] This is probably because the disease is chronic, with productive viral infection usually restricted to cerebral arteries. Only in protracted cases of VZV vasculopathy is the virus found in the cerebral parenchyma. 54 In addition, because VZV vasculopathy is chronic, the cerebrospinal fluid is more likely to contain anti-VZV IgG than VZV DNA. In contrast, in acute HSV encephalitis, HSV DNA is present early in the course of disease, while antiviral antibody is not detected until the second week. 55 Patients with VZV vasculopathy tend to have neurologic symptoms, signs, and abnormalities on cerebrospinal fluid analysis and on imaging studies similar to those in patients with other vasculopathies or vasculitides. All patients who are being evaluated for a vasculopathy or vasculitis should also be evaluated for VZV, particularly because it can occur without rash. Rapid diagnosis of VZV vasculopathy is important: the death rate without treatment is 25%, 56 and treatment with intravenous acyclovir may cure it even if neurologic disease has been present for months. 48 
■ VZV MYELITIS CAN BE SELF-LIMITING OR PROGRESSIVE
Two clinical presentations of VZV myelitis predominate.
A self-limiting, monophasic, spastic paraparesis with or without sensory features and sphincter problems usually occurs in immunocompetent patients, days to weeks after acute varicella or zoster. The pathogenesis is unknown. The cerebrospinal fluid usually has a mild mononuclear pleocytosis with normal or slightly elevated protein. Steroids are used for treatment, 57 although sometimes the condition improves spontaneously. 58 An insidious, progressive, and sometimes fatal myelitis is seen mostly in immunocompromised patients and, because of the AIDS epidemic, has become the more common presentation. Importantly, VZV myelitis may develop without rash.
Diagnosis
Magnetic resonance imaging shows enhancing lesions that are longitudinal and serpiginous (FIGURE 3) . The cerebrospinal fluid has a mild, predominantly mononuclear pleocytosis with elevated protein. The diagnosis is confirmed by finding VZV-specific DNA or anti-VZV IgG in cerebrospinal fluid. 59 Pathologic and virologic analyses of the spinal cord from fatal cases have revealed frank invasion of VZV in the parenchyma 60 and, in some instances, spread of the virus to adjacent nerve roots. 61 In many cases of VZV vasculopathy, the CSF contains anti-VZV IgG but no VZV DNA Varicella-zoster virus myelitis FIGURE 3. Magnetic resonance imaging abnormalities in a patient with varicella-zoster virus myelitis. Note the cervical, longitudinal, serpiginous enhancing lesions (arrows).
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Treatment
Some cases have responded to antiviral therapy. [62] [63] [64] Early diagnosis and aggressive treatment with intravenous acyclovir has been helpful, even in immunocompromised patients. 62 The benefit of treating with steroids in addition to antiviral agents is unknown.
■ VZV RETINAL NECROSIS:
TREATMENT MAY SAVE SIGHT VZV can cause necrotizing retinitis, which can manifest as two clinical syndromes: acute retinal necrosis and progressive outer retinal necrosis.
Acute retinal necrosis
Acute retinal necrosis can occur in immunocompetent or immunocompromised patients. It can be caused by VZV, 65 HSV 1, or HSV 2. 66, 67 Patients present with periorbital pain and floaters with hazy vision and loss of peripheral vision. The necrosis, caused by occlusive vasculopathy, is focal, being located in well-demarcated areas beyond the major temporal vascular arcades, and it extends the full thickness of the retina. A distinguishing feature is prominent inflammation in the anterior chamber and vitreous body. 68 Treatment is typically with intravenous acyclovir, corticosteroids, and aspirin, followed by oral acyclovir. 69 Intravitreal injections of foscarnet (Foscavir) and oral acyclovir have been used in mild cases that have been caught early. Acute retinal necrosis due to VZV has also been successfully treated with brivudine (not available in the United States) and valganciclovir (Valcyte). 70 Progressive outer retinal necrosis Progressive outer retinal necrosis is almost always caused by VZV. It is the second most common opportunistic retinal infection among patients with AIDS in North America (cytomegalovirus is the most common). 71 It occurs primarily in patients with AIDS who have CD4 counts lower than 10 cells/mm 3 and in other patients with immunosuppression. 72, 73 Progressive outer retinal necrosis may be preceded by retrobulbar optic neuritis and aseptic meningitis, 74 central retinal artery occlusion, or ophthalmic-distribution zoster, 75 and may occur with multifocal vasculopathy or myelitis.
Patients present with sudden painless loss of vision, floaters, and constricted visual fields due to retinal detachment. Unlike acute retinal necrosis, there is little or no inflammation in the anterior chamber or vitreous and no occlusive vasculitis. Multifocal, discrete opacified lesions begin in the outer retinal layers peripherally or the posterior pole or both; only late in the disease are inner retinal layers involved. Diffuse retinal hemorrhages and whitening with macular involvement bilaterally are characteristic findings (FIGURE 4) .
VZV was shown to be the causative agent by the detection of VZV DNA, VZV antigen, and virus particles in aqueous and vitreous biopsy specimens 76 and in vitreous and retinal cultures, 77 as well as by histologic examination of necropsy specimens from eyes and brains combined with in situ hybridization. 78 Although VZV is the most common cause of progressive outer retinal necrosis, there have been rare reports of cytomegalovirus antigen and HSV 1 in the retina of patients with the condition, 79 as well as amplified cytomegalovirus DNA in the vitreous body. 80 Acute retinal necrosis can occur in immunocompetent or immunocompromised patients 
Outer retinal necrosis
The spectrum of zoster sine herpete is much larger than radicular pain
Progressive outer retinal necrosis must be immediately recognized and treated because of its destructive nature and the high likelihood of retinal detachment. Unfortunately, multiple combinations of antiviral medications and other experimental treatments have not been widely successful. Intravenous acyclovir has given poor or inconsistent results, 81 and even in cases in which acyclovir helped, VZV retinopathy recurred when the drug was tapered or stopped.
Patients treated with combined intravenous ganciclovir (Cytovene) and foscarnet or with ganciclovir alone had a better final visual acuity than those treated with acyclovir or foscarnet alone. 82 In one instance, oral bromovinyl-deoxyuridine treatment was successful when acyclovir failed. 83 Aggressive combined antiviral treatment over a prolonged period with repair of retinal detachment may save a patient's vision. The best treatment for patients with AIDS may be prevention with highly active antiretroviral therapy, which appears to reduce the incidence of progressive outer retinal necrosis. 84 
■ ZOSTER SINE HERPETE
The concept that zoster sine herpete (pain without rash) is due to reactivation of VZV was first supported by the description in zoster patients of dermatomal-distribution radicular pain in areas distinct from pain with rash. 85 Now that we recognize that zoster sine herpete exists, it has considerable implications for the diagnosis and treatment of patients with post-herpetic neuralgia, as VZV reactivation can produce various neurologic disorders without rash, all caused by the same pathogen.
The first verification of zoster sine herpete was in a physician who developed acute trigeminal-distribution pain without rash, associated with a fourfold rise in serum antibody specific to VZV. 86 Schott 87 described four patients who, years after trigeminal-distribution zoster, developed zoster sine herpete in the same distribution of the trigeminal nerve; unfortunately, none of these patients was studied virologically. Further virologic verification of zoster sine herpete came from PCR analysis of cerebrospinal fluid from two men with prolonged thoracic-distribution radicular pain without rash. Amplifiable VZV DNA, but not HSV DNA, was found in their cerebrospinal fluid and blood mononuclear cells, and pain resolved after treatment with intravenous acyclovir. 88 In another virologically confirmed case, the patient had electromyographic fibrillation potentials restricted to chronically painful thoracic roots. 89 MRI of another patient with virologically verified active VZV infection revealed inflammation in ganglia and nerve roots corresponding to persistent pain. 12 More than radicular pain Further virologic analyses have revealed that the spectrum of zoster sine herpete is considerably larger than the classic presentation of radicular pain without rash. For example, there have been numerous reports of VZVassociated meningoencephalitis, vasculopathy, myelitis, cerebellar ataxia, and polyneuritis cranialis without rash.
Meningoencephalitis. Powell et al 90 described a patient with meningoencephalitis without rash whose cerebrospinal fluid contained VZV DNA. Mancardi et al 91 described a patient with encephalomyelitis without rash, in whom anti-VZV antibody was found in the cerebrospinal fluid. KleinschmidtDeMasters et al 92 described a patient with HIV with a fatal encephalomyelitis and necrotizing vasculitis without rash, pathologically verified to be caused by VZV.
Vasculopathy. Cases of unifocal and multifocal VZV vasculopathy without rash that resulted in stroke have been verified virologically. 46 ,47 Gilden et al 59 described two patients with myelopathy that occurred without rash. One developed myelopathy 5 months after zoster rash, when amplifiable VZV DNA was detected in the cerebrospinal fluid. The other developed myelopathy while zoster was present; the myelopathy resolved, but recurred 6 months later without rash, when the cerebrospinal fluid contained VZV DNA and VZV antibody.
Cerebellar ataxia without rash may complicate childhood varicella. 93 Dangond et al 94 reported on a child who became ataxic 5 days before chickenpox developed. In addition, Ratzka et al 95 reported a case of cerebellar ataxia without rash in an adult in whom VZV DNA and VZV antibody were found in the cerebrospinal fluid.
Polyneuritis cranialis without rash due to VZV infection has also been described, 96 with involvement of cranial nerves IX, X, and XI, as well as upper cervical nerve roots. Anti-VZV antibodies were detected in the cerebrospinal fluid.
Ocular abnormalities. Several reports of ocular abnormalities associated with zoster sine herpete have emerged. Goon et al 97 reported a case of severe, unremitting eye pain: VZV DNA was found in nasal and conjunctival samples. There have also been cases of cranial nerve III palsies, 98 retinal periphlebitis, 99 uveitis, 98,100 iridocyclitis, 101 and disciform keratitis, 102 all without rash and all confirmed virologically to be caused by VZV.
Unusual cases. A 77-year-old man with T-cell lymphoma with no history of zoster rash developed an acute fatal meningoradiculitis of cranial nerve roots and the cauda equina, which was pathologically and virologically confirmed to be caused by VZV. 103 In another case, an immunocompetent adult experienced relentless trigeminal-distribution pain for more than a year without a history of zoster rash; pathologic and virologic analysis of a trigeminal ganglionic mass confirmed chronic active VZV ganglionitis. 104 
How common is VZV infection without rash?
It is difficult to estimate the clinical extent and prevalence of VZV without rash. Patients with prolonged radicular pain or other neurologic signs and symptoms should be tested for anti-VZV IgG antibody and VZV DNA (by PCR) in the cerebrospinal fluid, and for VZV DNA in blood mononuclear cells examined for VZV DNA.
■ WHICH PATIENTS NEED DIAGNOSTIC TESTING?
Although the diagnosis of zoster is usually made by observation alone, other neurologic complications of VZV reactivation such as myelitis, progressive outer retinal necrosis, vasculopathy, and zoster sine herpete usually require virologic confirmation, particularly when rash is absent. Some clinical hospital laboratories either test for anti-VZV IgG or send specimens to an outside laboratory. If a hospital cannot test for anti-VZV IgG or IgM, the referring physician should contact Dr. Donald Gilden (don.gilden@uchsc.edu) or Dr. Maria Nagel (maria.nagel@uchsc.edu), who will arrange to have the specimen tested at no cost to the patient. ■ 
